We have studied the surface kinetic roughening of AlN films grown on Si͑100͒ substrates by dc reactive sputtering within the framework of the dynamic scaling theory. Films deposited under the same experimental conditions for different growth times were analyzed by atomic force microscopy and x-ray diffraction. The AlN films display a ͑002͒ preferred orientation. We have found two growth regimes with a crossover time of 36 min. In the first regime, the growth dynamics is unstable and the films present two types of textured domains, well textured and randomly oriented, respectively. In contrast, in the second regime the films are homogeneous and well textured, leading to a relative stabilization of the surface roughness characterized by a growth exponent ␤ = 0.37± 0.03. In this regime a superrough scaling behavior is found with the following exponents: ͑i͒ Global exponents: roughness exponent ␣ = 1.2± 0.2 and ␤ = 0.37± 0.03 and coarsening exponent 1/z = 0.32± 0.05; ͑ii͒ local exponents: ␣ loc =1, ␤ loc = 0.32± 0.01. The differences between the growth modes are found to be related to the different main growth mechanisms dominating their growth dynamics: sticking anisotropy and shadowing, respectively.
I. INTRODUCTION
The study of kinetic surface roughening under far-fromequilibrium conditions has attracted the interest of researchers in recent years. [1] [2] [3] [4] In spite of its complexity, many studies, both theoretical and experimental, have proven the existence of kinetic surface roughening in growth processes. These findings have practical importance in thin-film growth because kinetic roughening is related to the spatial and temporal correlations of surface roughness as growth proceeds. This kind of study is especially relevant when different scaling laws displayed by the kinetic roughening can be related to specific growth mechanisms. 5 The characterization of surface film growth at the submicron level as well as knowledge of the mechanisms governing the film morphology may be very useful for future applications in fields related to nanotechnology. Thus, it becomes very important to apply these studies to films of technological interest, which are usually grown under far-from-equilibrium conditions. This is the case of aluminum nitride ͑AlN͒ films grown by dc reactive magnetron sputtering, which present excellent electronic, mechanical, and chemical properties. These special characteristics make AlN coatings very promising for use as protective coatings, 6, 7 elements in electronic devices 8 ͑due to the wide band gap of 6.2 eV of AlN͒, selective detectors, 9 etc. In particular, the use of AlN films as buffer layers has promising features for the fabrication of optoelectronic devices as photodetectors, light-emitting diodes, laser diodes, etc. 10 For instance, GaN epilayers are typically used in these devices. Here, the inclusion of an AlN buffer layer with the adequate thickness leads to a superior crystal quality and a better optical performance of the GaN epilayer. 11 Recently, it has been reported that both the grain size and nuclei density of the AlN buffer layer play a key role in the quality of the GaN epilayer. 12 Besides, aluminum nitride is known to be one of the most promising piezoelectric materials for highfrequency surface acoustic wave ͑SAW͒ devices 13 because of its high sound velocity. To obtain proper SAW devices, the corresponding film must have not only a high electrical resistivity and good piezoelectric properties, but also a low surface roughness. Thus, a detailed surface morphology characterization is needed in this case. Due to its wide range of applications, in the previous years a great number of publications has been devoted to studying the structural, optical, or mechanical characteristics of AlN coatings. 14, 15 Although there are some publications dealing with the dynamic scaling growth of materials deposited by sputtering techniques, to our knowledge, there is none devoted to the study of AlN film growth. In many of these systems, the studies of sputterdeposited films give different results ͑i.e., larger exponent values͒ than those predicted by the existing growth models. [17] [18] [19] A clear explanation of this fact is lacking. Thus, our aim is to obtain a deeper insight of the growing mechanisms governing the surface morphology of this material by means of a detailed characterization of the evolution of the film surface morphology under the framework of dynamic scaling theory. 2, 3 This theory has proven to be very useful for the study of surface growth because it allows the knowledge of the main physical mechanisms governing the film surface growth. Thus, it has been applied to study the dynamics of surface growth for films produced by evaporation, sputtering, chemical vapor deposition, sedimentation, electrodeposition, chemical and ion-beam etching, etc. 2, 3 However, despite the evident success of this theory, its correspondence with some experimental systems is still incomplete. This deficiency can be due, among other reasons, to the lack of models for twodimensional substrates, which allow for a more direct comparison with the film-growth experimental data, and the complexity of the growth systems. However, the effort to address the understanding of these complex systems is worthy because many films with technological applications are deposited in such conditions.
The statistical properties of a rough surface can be characterized by the fluctuations of the surface height h͑r ជ , t͒, around its mean value ͗h͘, namely, through the interface width defined as w͑r , t͒ = ͗͑h͑r ជ , t͒ − ͗h͒͘ 2 ͘ r ជ 1/2 , where t is the deposition time and ͗...͘ r ជ denotes the average over all r ជ in a system of size L and r ഛ L. Two important quantities are derived from this general expression. The first one is the global width or root-mean-square roughness ͑L , t͒ = w͑L , t͒ corresponding to the case r = L, and the second one is the local width w͑r , t͒, where r Ӷ L. In the standard dynamical scaling theory, both the global and local widths follow the Family-Vicsek ͑FV͒ dynamic scaling as
where the scaling function f͑u͒ behaves as
ͮ ͑2͒
In this case, the roughness exponent ␣ and the dynamic exponent z characterize the universality class of the model under study. The ratio ␤ = ␣ / z is the growth exponent describing the surface roughening process in time through the power-law behavior ϰ t ␤ . The roughness exponent describes the lateral correlations of the surface roughness, and 1/z is known as the coarsening exponent describing the coarsening process of the typical lateral correlation length of the system, , which is usually related to the grain size. Although many systems have been found to follow FV scaling, 2, 3 numerical studies and models, as well as experimental observations, have identified the existence of the socalled anomalous scaling. 21 This anomalous roughening is characterized by a different scaling for global and local surface fluctuations. This leads to the existence of a set of independent, local roughness and growth exponents, ␣ loc and ␤ loc , respectively, which characterizes the local interface fluctuations on the scales r Ӷ L. These local exponents differ from the global ones, ␣ and ␤. In particular, in these anomalous systems the local width obeys the following scaling relationship:
where the scaling function f A ͑u͒ behaves as
The scaling properties of the local surface fluctuations can be investigated by different means. One possibility is to characterize and compute directly the global and local interface widths. 22 Other analyses rely on the study and computation of different functions that describe statistically the surface morphology. One of these functions is the square root of
1/2 , which scales as w͑r , t͒. 2, 3 The other function is the structure factor or power spectral density ͑PSD͒ defined as PSD͑k , t͒ = ͗H͑k , t͒H͑−k , t͒͘, where H͑k , t͒ is the Fourier transform of the surface height in a system of lateral size L, k being the spatial frequency in the reciprocal space. It can be seen 23 that, for an anomalous 2 + 1-dimensional system, the PSD function follows the scaling relationship
where
␣ s being known as the spectral roughness exponent. 24 From the different sets of ␣, ␣ loc , and ␣ s values, up to four scaling behaviors are expected. 23 Three of them have already been observed experimentally, 4 namely, ͑i͒ FV standard scaling, which occurs when ␣ = ␣ loc = ␣ s Ͻ 1; ͑ii͒ Intrinsic anomalous scaling, which takes place when ␣ ␣ loc = ␣ s Ͻ 1; and ͑iii͒ Superrough scaling for 1 = ␣ loc ␣ = ␣ s Ͼ 1.
In this work we will focus our attention on the third case, which is present in our system. In this case, the function G 2 ͑r , t͒ follows the form 23,25
where we have substituted for t 1/z . 19 From this behavior, it is evident that the G 2 ͑r , t͒ curves obtained for different times do not overlap for small r values since ␣ − ␣ loc 0, i.e., the local and global widths scale differently. Equivalently, for small lengths, the height-difference correlation function scales as t
* is termed as the local anomalous growth exponent describing the degree of anomaly of the system. These expressions imply that if we plot the curves G 2 ͑r , t͒ / r ␣ vs r / t 1/z for all growth times, all the curves must collapse into a single one. Moreover, if superroughening is present, the slope of this single curve for small r / t 1/z values must be equal to −͑␣ −1͒. Thus, the collapse of these functions is a verification of the consistency of the analysis. 25 In the superrough scaling case, PSD͑k , t͒ has the same scaling behavior as in the FV case. Thus, from the PSD͑k , t͒ plots we should obtain a value of ␣ larger than 1. Also, the PSD͑k , t͒ curves obtained for different growth times should overlap for large k values.
Summarizing, the fingerprints of superrough scaling are different scalings of the local and global interface widths. This fact is clearly shown in the G 2 ͑r , t͒ function as the curves for different times are shifted upwards as the growth time increases in both cases, which is not observed for the PSD͑k , t͒ curves.
Thus, in this work we address the study of the scaling behavior of AlN films grown by dc reactive sputtering under this theoretical framework. The surface morphology of the films deposited for different times has been analyzed by atomic force microscopy ͑AFM͒. The scaling properties of both G 2 ͑r , t͒ and PSD͑k , t͒ have been studied in order to properly identify the growth mode.
II. EXPERIMENT
AlN films were deposited on ͑100͒-oriented silicon substrates at room temperature in a dc reactive magnetron sputtering system described previously. 6 The target-substrate distance was 6.5 cm. Sputtering from a high-purity ͑99.999%͒ aluminum target was performed at 100-W dc discharge power in an Ar and N 2 working gas mixture. The vacuum pumping system, composed of a turbomolecular pump backed by a mechanical pump, provided a base pressure lower than 10 −6 mbar. The working pressure was ϳ4 ϫ 10 −3 mbar when using the selected gas mixture of 29.5-SCCM ͑standard cubic centimeter per minute͒ total flow ͑20% Ar, 80% N 2 ͒. These deposition conditions enable to grow stoichiometric AlN films ͑AlN x , with x close to 1͒ at a constant growth rate of 5 nm/ min. In order to study the roughness evolution of AlN, a series of films was grown at deposition times ranging from 12 up to 200 min.
Cross sections of the films were analyzed by scanning electron microscopy ͑SEM͒ with a Hitachi S-2700 equipment. The samples were also imaged in air by atomic force microscopy ͑AFM͒ using a Nanoscope IIIa ͑Digital Instruments, CA͒ equipment operating in the tapping mode. Silicon cantilevers with a nominal radius of curvature of 10 nm were employed. Note that, due to the relative hardness of the AlN films ͑ϳ20 GPa͒, the tapping mode AFM imaging is more reliable than the contact-mode imaging since the tipsample interaction is considerably lower, leading to less tip damaging and, therefore, less tip convolution effects. AFM images over scanning areas of 500ϫ 500 nm 2 with a resolution of 512ϫ 512 pixels were used to extract the calculations shown below.
The crystalline structure of the layers was examined by x-ray diffraction ͑XRD͒. The XRD measurements were performed at Cu K␣ wavelength on a Siemens D 5000 diffractometer in surface-sensitive grazing incidence ͑GI͒ modes at different incidence angles fixed at 0.5°, 1.0°, and 1.5°. The diffraction patterns obtained in all the films did not show any important difference, as in all cases the polycrystalline hexagonal structure of wurtzite-type was observed ͑File No. 25-1133 of JCPDS-ICDD diffraction database PDF-2͒. Figure 1 shows the GI diffraction patterns obtained from some samples of the series, where we can observe a c-axis preferred orientation in them. The 002 diffraction is always the strongest one, indicating a preferred orientation of ͑001͒ planes parallel to the substrate surface with a rather broad angular distribution. It can be observed that the height of this peak increases with the film thickness.
Besides, rocking curves on the 002 diffraction, typical for the texture observed, have also been measured. These analyses of the texture perfection of the films did show differences between the films. Namely, the rocking curves measured on the samples deposited for times longer than 36 min display a simple symmetric bell-like shape ͓Fig. 2͑b͔͒, while the corresponding rocking curves of the films grown for t Ͻ 36 min are more complex ͓Fig. 2͑a͔͒. The simple shape indicates a uniformly developed texture over the film volume, while the more complex one suggests the presence of well-textured regions with aligned grains, producing the sharp ridge around the specular position, which are embedded in a rather randomly oriented matrix contributing to the broad baseline. Thus, two different film textures are observed in the layers as the growth time increases. Particularly, in the early stages of the film growth ͑t Ͻ 36 min͒, the polycrystalline films display randomness in the grain orientation, in agreement with other reports. 26, 27 As the growth proceeds, the films developed a ͑002͒ preferred orientation in the form of a columnar structure. The column axes are mutually misaligned, as can be seen also in the SEM image of Fig. 3 , which explains a rather large width of the bell-like-shaped rocking curves stretching up to the grazing incidence/exit regions. Figure 4 shows the surface morphology of AlN films for increasing deposition times obtained by AFM. These images show clearly both the surface roughening as well as the coarsening of the characteristic lateral length distance, , as the growth time increases. From the AFM data, several morphological functions can be obtained. The most evident is the dependence of the global width or root-mean-square roughness w with the growth time ͓Fig. 5͑a͔͒. Two regions can be clearly observed. The first one, for the shorter deposition times, shows an exponential dependence of the surface roughness with time, which is also compatible with a very high ␤ values, ␤ ജ 1. In contrast, in the second growth regime, for t Ͼ 36 min, a power-law dependence, w ϰ t ␤ , with ␤ = 0.37± 0.03 is found. The exponential dependence observed in the first region implies that the growth is clearly unstable. In the second growth regime, the roughening is appreciably lower as ␤ = 0.37± 0.03. However, this value is The first one, for short deposition times, is compatible with an exponential dependence of the surface roughness with growth time, the dotted line indicating the best exponential fit of the data. For the second regime, for t Ͼ 36 min a power-law dependence, w ϰ t ␤ , with ␤ = 0.37 is observed, the dashed line corresponding with the best power-law behavior. ͑b͒ Logarithmic plot of the average grain size as a function of growth time. The coarsening exponent ͑1/z͒ value is indicated. higher than those expected for the growth models governed by stabilization mechanisms such as surface diffusion, lateral growth, or surface tension.
III. RESULTS
2 Figure 5͑b͒ shows the logarithmic plot for the evolution of obtained directly from the AFM images. In this case, a single coarsening exponent value 1 / z = 0.32± 0.05 ͑i.e., z close to 3͒ is found for the whole temporal range in our experiment.
The existence of these two growth regimes has to be confirmed by the analysis of the evolution of the PSD͑k , t͒ and G 2 ͑r , t͒ functions with the deposition time. The results are displayed in Figs. 6͑a͒ and 6͑b͒, respectively. As can be seen in Fig. 6͑a͒ , it is clear that all curves are composed of two regions: ͑a͒ for high k values ͑i.e., small length scales͒ there is a negative slope, indicating the existence of kinetic roughening for these length scales; ͑b͒ for small k values ͑i.e., large length scales͒ the curves are almost horizontal ͑i.e., saturated͒, indicating the absence of any lateral correlation in the surface roughness at these length scales. From the figure, it is evident that the PSD curves are shifted upwards as the deposition time increases for the first growth regime ͑i.e., up to 36 min of deposition͒, while they overlap within the second growth regime. Thus, the temporal evolution of the PSD curves does confirm the existence of two growth regimes, with a crossover close to t = 36 min. This fact is also reflected in Fig. 6͑b͒ , where the G 2 ͑r , t͒ functions are plotted for different deposition times. During the whole experiment the G 2 ͑r , t͒ functions are shifted upwards as the growth time increases. However, this shift is steeper and larger for the samples grown during the first growth regime than for those deposited during the second one.
Thus, we can conclude from these analyses that there are two growth regimes with a crossover time close to 36 min.
A. First growth regime "t Ï 36 min…
This regime is characterized by the exponential dependence of the film surface roughness with the increasing deposition time ͓Fig. 5͑a͔͒, also compatible with ␤ ജ 1, within our temporal resolution. This result implies that the growth is unstable in this deposition time range. Accordingly, both the PSD and G 2 ͑r , t͒ functions show a vertical shift as the growth time increases. Under these unstable growth conditions, the growth is favored in the vertical rather than lateral ͑along the substrate plane͒ direction. Furthermore, in this regime the shift of the G 2 ͑r , t͒ functions is quite distinct. This behavior implies that local surface slopes increase steeply in this regime. 16 A similar behavior, namely, the existence of anomalous scaling during unstable growth, has been found for a continuum equation describing amorphous thin-film growth by vapor deposition.
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B. Second growth regime "t Ð 36 min…
From the data displayed in Fig. 6 , we have found that in this growth regime the PSD functions do overlap, whereas G 2 ͑r , t͒ functions are shifted upwards as the deposition time increases. This behavior is a clear indication that the growth follows the laws of superroughening, which is further confirmed by computing the slope of the PSD curves for large k values. From this slope we obtain a value ␣ = 1.2± 0.2Ͼ 1, which supports this interpretation. However, some problems arise when we compute the slope of the G 2 ͑r , t͒ functions for small r values, since we obtain ␣ loc = 0.86± 0.04Ͻ 1. As explained before, ␣ loc should be equal to 1 when superroughening operates. However, we believe that this disagreement lies on the computational limitations of the G 2 ͑r , t͒ function that make it impossible to obtain the values of ␣ loc close to 1. [29] [30] [31] In order to reliably check this limitation we have performed a 2 + 1 numerical integration of the linear molecularbeam epitaxy ͑MBE͒ growth equation, which is known to follow a superrough behavior. 21, 23, 25 When we evaluated the corresponding G 2 ͑r , t͒ function we obtained also a value clearly smaller than 1, whereas we obtained the expected values for the other exponents. It has to be stressed that ␣ loc should be exactly equal to 1 in this case.
Taking into account this inherent computational limitation of G 2 ͑r , t͒, we can then assume that ␣ loc = 1. We can summarize our findings as ͑i͒ global exponents: ␣ = 1.2± 0.2, ␤ = 0.37± 0.03, and 1 / z = 0.32± 0.05 ͑note that these values, obtained independently, obey, within the error bars, the scaling relationship ␤ = ␣ / z͒; and ͑ii͒ local exponents: ␣ loc =1 and ␤ loc = ␣ loc / z = 0.32± 0.01. These results imply ␤ * = 0.05± 0.02, that is, a small, although noticeable, anomaly.
One way to check the validity of our analysis is to try to collapse the G 2 ͑r , t͒ functions obtained for the different deposition times by plotting the function G 2 ͑r , t͒ / r ␣ vs r / t l/z as described in the Introduction, Eq. ͑7͒. If the system does not show anomalous scaling, the slope at small abscissas, m 1 , should be equal to 0, as ␣ = ␣ loc . However, for our system the excellent collapse ͑Fig. 7͒, obtained by using 1 / z = 0.32± 0.05 and ␣ = 1.2± 0.2, clearly shows two regions with negative slopes. Accordingly, the slope at large x-axis arguments, m 2 , is equal to −1.2, which is consistent with ␣ as it should occur within the superrough scaling framework, Eq. ͑7͒. 24 For small arguments m 1 = −0.32, which, within the error bars, correspond to −͑␣ − ␣ loc ͒ taking into account that the measured value of ␣ loc is 0.86± 0.04 because of the computational limitations of G 2 ͑r , t͒.
IV. DISCUSSION
Our data indicate that AlN growth has two regimes, the first one, for t Ͻ 36 min, being unstable and the second one, for t Ͼ 36 min, displays superrough scaling with a global ␤ values of 0.37± 0.03. However, a single coarsening exponent, 1 / z = 0.32± 0.05, is observed regardless of the deposition time. Both regimes present roughening behaviors that are not explained by any of the models, including stabilization mechanisms such as surface diffusion, evaporationcondensation processes, or lateral growth, 2 although some approximate evidence can be extracted from generic models. In fact, many of the scaling studies of the films deposited by sputtering share this behavior, as they display ␤ values ranging from 0.4 up to 0.8. These values are mainly found for polycrystalline systems 17, 18, [32] [33] [34] [35] and also for amorphous silicon. 19 Finally, for sputtered deposition of platinum on glass, with simultaneous substrate rotation, it was found that the growth dynamics is governed by linear diffusion. 16 In order to obtain a better insight of the possible physical mechanisms determining the film growth dynamics the observed ͑002͒ preferred orientation of the AlN films could be an interesting issue. Recently, Kajikawa et al. have studied the mechanisms involved in the preferred orientation of AlN films grown by sputtering deposition, 27 namely, sticking anisotropy and surface diffusion. We must consider also shadowing as a crucial mechanism in our system. Let us analyze each mechanism independently.
As we have reported above, our system displays a single coarsening exponent 1 / z = 0.32± 0.05 regardless of the deposition time, which, within the error bars, is consistent with that due to shadowing effects. 36 This result suggests that shadowing is operating during the film growth in our system. To check the validity of this assumption, we remind that our AlN sputtering deposition is reactive; the Al species sputtered from the target are deposited on the substrate, which is at room temperature, and the N-active species present in the plasma impinge on the growing film with a sticking coefficient close to 1. 37 Under our pressure-deposition conditions, the system is below the thermalization threshold 38 and the average mean free path of the Al species, , is Ϸ5 cm, which is of the order of the target-substrate distance. This implies that Al and N species do not react within the plasma but, rather, at the growing film surface. Thus, we can assume, in a first approximation, that the impinging particles are Al and N species following ballistic trajectories. Furthermore, it is known that the flux of sputtered target particles follows a cosine distribution in sputtering processes. 39 These facts indicate that shadowing effects could play an important role in the film growth dynamics as other authors have already suggested. 16, 18, 19 Shadowing effects imply a scenario in which one type of region, usually those located at higher surface positions ͑"bumps"͒, grows faster at the expense of others ͑"valleys"͒, which is known to lead to unstable growth morphologies with large ␤ values. 40 Models of shadowing in 2 + 1 dimensions predict 1 / z =1/3 and ␤ =1. 40 However, recently, Yu and Amar have studied theoretically the dynamic scaling of ballistic deposition with shadowing on unidimensional substrates. 39 In this work, they consider explicitly two conditions for the angular distribution of the impinging particles: uniform angular distribution and cosine distribution. They found that, in fact, the former condition, which is the standard one used in the models of shadowing, corresponds to an anisotropic flux of particles on the growing surface. In contrast, the latter one, which is close to that taking place in sputtering deposition, implies an isotropic flux. Moreover, they reported that, for a cosine distribution, the ␤ value was smaller than that obtained for the anisotropic flux, that was close to 1. Thus, shadowing effects could lead to still high ␤ values for sputtering deposition, but clearly smaller than the value ␤ Ϸ 1 predicted by many models. It should be recalled that for our system conditions, where is close to the targetsubstrate distance, the impinging particles follow ballistic trajectories as in the model of Yu and Amar. Besides, a vertical shift with increasing deposition time was obtained for the G 2 ͑r͒ functions in this unidimensional system, 39 similarly as in ours. Unfortunately, this study was performed only for unidimensional substrates, whereas realistic substrates are two-dimensional, which prevents direct comparison of the experimental exponents with the theoretical ones. 2 However, the trend of smaller ␤ values for a cosine distribution should be obeyed also on two-dimensional substrates. Moreover, the fact that many of the reported ␤ values for sputtering systems lie in the 0.4-0.6 range supports this interpretation. Besides, in some of these systems, the G 2 ͑r , t͒ function evaluated from scanning probe microscopy ͑SPM͒ data shifts vertically as the growth time increases, similarly as in our system, although the data were not analyzed under the framework of anomalous scaling. 19, 33 Finally, it is worth to remark that for the only sputtering system in which a low ␤ value was obtained, 16 shadowing effects were intentionally eliminated by rotating the sample during the deposition process.
Surface diffusion mechanism could be predominant in our system. However, the deposition process takes place at room temperature and the surface temperature during the growth process does not exceed 350 K, even for the longest deposition times. In principle, this fact implies that important surface diffusion relaxation processes should not be expected. Moreover, if surface diffusion processes were predominant, the corresponding observed scaling behavior should be compatible with that predicted by the MBE model, which is not the case. 2 Although our system shows two different roughening behaviors, a rapid and unstable roughening for short deposition times, and ␤ = 0.37± 0.03 for t Ͼ 36 min, it possesses a single coarsening exponent. The existence of these two regimes correlates with the existence of two types of polycrystalline textures depending on the film-growth time ͑Fig. 2͒. Thus, we can understand the single coarsening exponent from the shadowing considerations done above, but both shadowing and polycrystallinity effects may determine the growth exponent. Whereas shadowing effects should be present to the same extent regardless of the film thickness, the magnitude of the latter ones could change due to the observed film texture evolution. Namely, we have to assume that sticking processes are closely related to the preferred orientation of the films, which results in the sticking anisotropy, i.e., the fact that the impinging particles experience different sticking probabilities on different crystalline planes. 27 In our system this effect should likely appear during the first growth regime since well-aligned and textured grains are embedded into a randomly oriented matrix. Under this assumption, these regions having a higher sticking probability should grow faster than the other types of regions. This scenario, combined with shadowing, may lead to a sort of competitive growth, leading to the observed growth instability with a high ␤ value ͑␤ ϳ 1͒. Such a result is compatible with the observed steep increment of the local surface slope. In the second growth regime, the film reaches a homogeneous and well-defined texture, implying that the sticking probability is similar across the whole surface. Under these conditions, the growth is 'rather' stabilized, leading to smaller ␤ values.
V. CONCLUSIONS
We have found that deposition of AlN films on silicon substrates by dc reactive sputtering shows two growth regimes. The first one occurs during the first 36 min of deposition, being an unstable transient characterized by an intense roughening. In contrast, in the second regime, for deposition times higher than 36 min, a relative stabilization of the surface is achieved since ␤ = 0.37± 0.03, although this value is still higher than those predicted by available models with stabilized surface. A superrough scaling behavior is found for this regime with the following exponent values: ͑i͒ Global exponents: ␣ = 1.2± 0.2, ␤ = 0.37± 0.03, and 1 / z = 0.32± 0.05; ͑ii͒ local exponents: ␣ loc = 1 and ␤ loc = ␣ loc / z = 0.32± 0.01. We have also found a correlation between the film texture and the AlN growth mode. In the first regime, the films contain two types of textured regions, well textured and randomly ordered, respectively. These regions have likely different sticking probabilities for the impinging particles. Thus, in this first growth regime, a competitive growth takes place and leads to the observed unstable growth. In the second growth regime, the film being homogeneous and well textured, this sticking anisotropy vanishing. Under this scenario, the growth is dominated by shadowing effects induced by the ballistic deposition of the impinging particles having a cosine angular distribution ͑i.e., an isotropic flux at the growing surface͒ combined with the preferential sticking due to surface anisotropy. This type of deposition leads to growth with ␤ values clearly smaller than those usually predicted by the shadowing models ͑i.e., ␤ Ϸ 1͒, in qualitative agreement with our results and with those reported for other sputtering systems.
